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Abstract 
Critical weather conditions, i.e. extreme winds will raise a lot of challenges when it comes to the secure operation of the 
whole European electric system with the future large scale offshore wind power. This is especially true for Denmark 
where the target is that wind power should provide 50% of the electricity consumption by 2020. 
In the EU funded project TWENTIES, the  demonstration #4 STORM MANAGEMENT aims at demonstrating that adequate 
coordination mechanisms between offshore wind farms and hydro power capacity available in Norway through an 
existing HVDC link brings viable solutions to securely control the power balance during offshore storm passages. The 
demonstration will be done on Horns Rev 2 wind farm. In the same project, the impact of a storm front passage over the 
system security, for the whole Danish system, and with the expected offshore wind power in 2020 will be investigated. 
This paper will present the results of up-scaling the impact that a storm front passage will have on the Danish power 
system in 2020, given that the existing wind turbine storm controller is not replaced. The simulations are done with 
CorWind and the analysis is focusing on establishing a reference case and quantifying the balancing reserve 
requirements needed in order to keep the security of the power system. 
Introduction 
Wind power is currently the most promising renewable technology and is expected to 
contribute significantly to achieving  the “20-20-20” target set by EU - 20% reduction of 
greenhouse gases and 20% share of renewables by 2020 [1]. The development potential of wind 
power, especially offshore, is huge. For example, in Denmark only, the target is that wind power 
will supply approximately 50% of the electricity production by 2020. In order to achieve that, a 
large amount of offshore wind power, i.e. in the area of 2.5 GW, will be installed in North Sea, in 
sites that have been selected and published by the Danish Energy Authority [2]. 
Critical weather conditions, i.e. extreme winds will raise a lot of challenges when it comes to 
the secure operation of the whole European electric system with the future large scale offshore 
wind power.  
The geographical concentration of wind power, typical for offshore wind farms, leads to 
increased wind power variability and, in the case of storm front passages it may lead to sudden 
shut down of whole wind farms. 
The TWENTIES project (www.twenties-project.eu) aims at “demonstrating by early 2014 
through real life, large scale demonstrations, the benefits and impacts of several critical 
technologies required to improve the pan-European transmission network, thus giving Europe a 
capability of responding to the increasing share of renewable in its energy mix by 2020 and 
beyond while keeping its present level of reliability performance” [3]. One of the demonstrations 
in Twenties is the Storm Management demonstration. The objective of this demonstration is: “The 
occurrence of storms will raise new challenges when it comes to secure operation of the whole 
European electric system with future large scale offshore wind power. With the present control 
schemes, storms will lead to sudden wind plant shut downs, which in turn is a threat to the whole 
system security, unless standby reserves are ready to take over power demands under very short 
notice. The challenge that this demonstration is addressing is to balance the wind power 
variability, operating the transmission grid securely during such storm conditions. The more 
specific objectives of the demonstration are to:  
• Demonstrate secure power system control during storm passage, using hydro power 
plants in Norway to balance storm shut down of Horns Rev 2 wind farm in Denmark. 
•  Use existing forecast portfolio available to the TSO to monitor and plan the down 
regulation of large scale offshore wind power during storm passages. 
• Provide more flexible wind turbine and wind farm control during storms.” [3] 
Since the demonstration will be done using only one wind farm, the effect of critical weather 
conditions on the overall offshore wind power production in 2020 will be assessed by terms of 
simulations. This paper presents this analysis. 
 
Storm control 
When wind speed is becoming too strong, wind turbines are shutdown to prevent damage due 
to extreme mechanical loads. The typical power curve of a modern wind turbine is presented in 
Fig. 2. The wind turbine will shut down when the average wind speed reaches a certain value 
denoted V4 in the Fig. 2. When the average wind speed drops below the shutdown value, the wind 
turbine starts again. To prevent frequent restarts and shutdowns, hysteresis is often applied, so 
that the wind turbine starts up only when the average wind speed reaches a value V3 lower than 
the shutdown wind speed. 
 
 
Fig. 1 Typical wind turbine power curve 
The typical value for which a wind turbine will initiate shut-down is when the 10-minute 
average nacelle anemometer wind speed reaches 25 m/s (V4) and they will restart when the 
measured wind speed drops below 20 m/s (V3). 
The wind turbine storm controller was implemented in CorWind and the results where 
validated against measurements from Horns Rev 2 wind farm. The measurements are from critical 
weather events that occurred during the period of the project [4]. The comparison between 
simulations and measurements of the total wind farm production during critical weather events is 
presented in Figure 2.  
 
Fig. 2. Simulated vs measured wind farm production during critical weather conditions 
 
The detailed wind farm model, i.e. individual wind turbines were simulated in the cases 
presented above. This can be done when the scope is to simulate one or few large offshore wind 
farms. When looking at larger areas, with an extensive number of wind farms – comprising of 
hundreds of wind turbines – the detailed simulation might prove extremely time expensive. For 
that, an equivalent wind farm power curve that includes storm control was developed. The result 
of this analysis is presented in Figure 3 
 
Fig.,3 Aggregated wind farm power curve 
 
Wind power development scenario 
The analysis presented in this paper aims at quantifying the effect of critical weather conditions 
on the stable power system operation in 2020, with large amounts of offshore wind power. The 
assessment is done for Denmark. The offshore wind power development scenario for 2020 in 
Denmark was done based on the offshore wind farms sites published by the Danish Energy 
Authority and other public sources. Two scenarios were considered: a conservative one, named 
baseline scenario and am optimistic one, named high scenario.  
The detailed wind farms considered in the 2020 scenarios for Denmark are presented in Table 1 
 
Table 1. Offshore wind farms in 2020 in Denmark - scenarios 
Country Scenario Coordinates 
 Base High Lat Lon 
Denmark     
Anholt 400 400 56.604 11.209 
Avedøre Holme 11 11 55.601 12.464 
Frederikshavn 11 11 57.443 10.562 
Horns Rev A HR3 200 200 55.647 7.791 
Horns Rev A HR4 0 200 55.71 7.849 
Horns Rev A HR5 0 200 55.789 7.88 
Horns Rev 1 160 160 55.486 7.84 
Horns Rev 2 209 209 55.6 7.582 
Kriegers Flak A K2 200 200 55.05 12.984 
Kriegers Flak A K3 200 200 54.994 12.822 
Kriegers Flak A K4 200 200 55.005 13.068 
Kriegers Flak B K1 200 200 55.077 12.874 
Middelgrunden 40 40 55.689 12.668 
NearshoreLAB 36 36 57.457 10.637 
Nysted (Rødsand 1) 166 166 54.549 11.714 
Ringkøbing Fjord B RK 3 200 200 56.018 7.71 
Rødsand 2 207 207 54.555 11.548 
Rønland 17 17 56.662 8.22 
Samsø 23 23 55.723 10.584 
Sprogø 21 21 55.343 10.958 
Store Middelgrund MG1 200 200 56.5 12.095 
Tunø Knob 5 5 55.968 10.355 
Vindeby 5 5 54.969 11.129 
Århus Bugt 100 100 56 10.48 
 
The geographical distributions of those wind farms is shown in Fig. 4 
 
Fig. 4. Offshore wind farms in Denmark in 2020 
 
 
 
 
 
 
Table 2. Critical weather periods 
2001 01/01/2001 21/03/2008
2005 02/01/2005 13/08/2008
01/01/2007 08/11/2008
08/01/2007 11/06/2009
18/03/2007 03/10/2009
27/06/2007 11/11/2010
08/11/2007 07/02/2010
2008 25/01/2008 2011 10/03/2011
27/02/2008
2008
2009
2010
2007
 
 
Simulations 
 
In order to have a statistically valid image of the reserves requirements, a number of critical 
weather events were simulated. The list of those events is given in Table 2. 
Each event was simulated with five different random seeds for the stochastic part [5]. Since the 
scope of the analysis is to quantify the impact of critical weather conditions on the stable 
operation of the power system, the time scale is set to 5 min.  
The results were quantified in terms of reserve requirements. The definition of reserve 
requirements applied in this paper is quite similar to the definition of regulation applied by Parson 
et al. [6]. The intention is to quantify the difference between the instantaneous power and the 
mean value that are dealt with as ramping. Since the reserves must be allocated in advance, the 
positive reserve requirement is defined as the difference between the initial mean value and the 
minimum value in the next period. Formally, the reserve requirements are defined as, see also Fig. 
5: 
 
)1()()( minmeanramp +−= nPnPnP . 
 
Note that with this definition, positive reserves means decreasing wind power that requires 
positive reserves form other power plants.  
 
 
Fig. 5 Definition of reserves 
 
Fig. 6. Duration curves of reserves for different periods 
 
 
Fig. 7 the 1st, 5th and 10th percentile vs time 
 
Using this definition, the reserves were calculated for different periods, i.e. from 10 to 90 min, 
in 5 min steps. The duration curves for each of the considered periods are given in Fig. 6 
It is seen that the reserve requirements are increasing with the time period. In this context, it is 
of interest to quantify the “worst-case” reserves, namely the 1st percentile. This, together with 
the 5th and 10th percentile is shown in Fig. 7. The results show that, in the worst case, around 
1500 MW of wind power can be lost in 30 minutes, with this number going up to 2000 MW lost in 
one hour. This can pose serious challenges to the stable operation of the Danish power system. 
For the 5th and 10th percentile, the numbers are smaller, but still large. 
 
Conclusions 
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Today, critical weather conditions, with very high wind speeds, lead to sudden loss of wind 
power due to the way the wind turbines operate. When the wind speed exceeds a certain value, 
the wind turbine stops in order to protect itself. This is called storm control. The impact of critical 
weather periods on the stable operation of the power system was investigated. The simulations 
were done with the estimated wind power development scenario for offshore wind power in 
Denmark. The results show that, with the present storm controller, during critical weather 
conditions periods, significant amounts of wind power production will be lost in periods of time 
ranging from ten minutes to over an hour. Those amounts, in the worst case, can go up to 50% of 
installed capacity in 30 minutes and around 70% in an hour. That means that the reserves 
requirements – generators capable of replacing the lost wind power production fast – are very 
significant. Further work will investigate the impact of the new storm controller, developed in the 
TWENTIES project, on the reserve requirements.     
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